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Abstract. Clinical information systems have become important tools in 
contemporary clinical patient care. However, there is a question of whether 
the current clinical information systems are able to effectively support 
clinicians in decision making processes. We conducted a survey to identify 
some of the decision making issues related to the use of existing clinical 
information systems. The survey was conducted among the end users of the 
cardiac surgery unit, quality and safety unit, intensive care unit and clinical 
costing unit at The Prince Charles Hospital (TPCH). Based on the survey 
results and reviewed literature, it was identified that support from the 
current information systems for decision-making is limited. Also, survey 
results showed that the majority of respondents considered lack in data 
integration to be one of the major issues followed by other issues such as 
limited access to various databases, lack of time and lack in efficient reporting 
and analysis tools. Furthermore, respondents pointed out that data quality is 
an issue and the three major data quality issues being faced are lack of data 
completeness, lack in consistency and lack in data accuracy. Conclusion: 
Current clinical information systems support for the decision-making 
processes in Cardiac Surgery in this institution is limited and this could be 
addressed by integrating isolated clinical information systems.  
Keywords. Clinical information systems, Decision making, Health information 
systems, Data access, Data integration, Data quality 
Introduction 
Information technology (IT) plays a major role in today’s healthcare. IT has been 
widely used in different areas of healthcare such as patient-care, medical research, 
diagnosis and treatment for diseases [15]. According to Lenz and Reichert [11], 
“healthcare processes heavily depend on both information and knowledge”. Therefore, 
information management has a significant part to play in healthcare [11]. For 
healthcare professionals at the clinical service level, the main expectations of the 
importance of Healthcare Information Technology (HIT) are more focused on the use 
of information, new decision support tools and new education and training to support 
the provision of quality care [4]. Information technology can help to improve quality 
and safety of healthcare and the main two areas that have been given particular 
attention are clinical decision support systems and computerised physician order entry 
(CPOE) [22]. Furthermore, clinical information systems (CIS) are vital in assisting 
clinicians to manage the growing amount of clinical data [22]  collected  during  the  process 
of patient care. 
 
 
A plethora of CIS have been designed however, it has been suggested that many 
CIS in use do not effectively support better decision making at the point of care or  in 
supporting  secondary  decision  making  processes    for  purposes  other  than  for  which  they  were 
collected  [8].  Stolba and Schanner [20] assert that interoperability among CIS is seen as 
an essential requirement in healthcare; however, there are also many other issues which 
contribute to the usefulness of CIS in decision-making. This paper will identify and 
discuss some of the decision-making issues in the current use of CIS for secondary 
purposes such as service management, quality assurance, clinical outcomes monitoring 
and health research; and will propose some technologies which could be used to 
address these issues.  This research focused on the systems supporting the Cardiac 
Surgery program at The Prince Charles Hospital. The Quality and Safety unit, Intensive 
Care Unit (ICU), Clinical Costing unit and Cardiac Surgery unit formed the participant 
source for the case study. 
Methods 
Initial study scoping indicated that the hospital units related to the Cardiac Surgical unit 
to be included in this research are the Quality and Safety, ICU and Clinical Costing 
units. These units contribute to important secondary decision making processes directly 
or indirectly. The Cardiac Surgery unit database (CARPIA) stores data such as patient 
history, patient preoperative data, demographic data, risk scores and so on [13], which 
primarily contributes to Clinical Audit and monitoring activities and is not a primary 
patient care system. The Quality and Safety unit databases include the electronic 
discharge summary (e-DS) database which provides discharge summaries of patients 
for primary care clinicians and community or other clinical services. The ICU unit 
database contains stores information such as risk scores, morbidity scores, procedural 
data, physiological data and so which is also not a primary care sytem, but contributes 
to National Clinical Registry reporting.. The Clinical Costing unit uses an enterprise 
data warehouse which is known as Transition II. The Transition II organises data in 
three levels: the financial level, the departmental level and the patient level although 
individual clinical data are absent[13].  
After examining the identified database diagrams, a questionnaire was developed 
to investigate issues related to the use of data in clinical service decision-making 
processes. A total of ten questionnaires were distributed to stakeholders in the cardiac 
surgical decision-making processes at TPCH (Table 1). The participant population was 
a stratified convenience sample of information end-users which consisted of clinical 
decision makers and data/knowledge workers identified from the Cardiac Surgery, 
Clinical Costing, ICU and Quality and Safety units. Stratification provided a cross 
section of roles involved in the process (Table 1). An 80% response rate was achieved 
(8 out of 10). Most of the respondents (7 of 8) contributed to subsequent unstructured 
interviews used to clarify and extend survey results. 
 
Table 1: Distribution of information end-user staff roles in survey population by hospital unit 
 
 
 
Survey Results 
The first question considered staff satisfaction with the current process: “Are you 
satisfied with the support provided for decision-making processes by the current 
Information Systems?”. Fig.1 shows the response rate indicating 6 out of 8 the 
Unit  Role 
Intensive Care Unit Clinical Director/Clinician 
 Clinical Data Manager  
Clinical costing Unit  Clinical Analyst/ Unit Manager 
Cardiac Surgery Unit Clinical Director/Clinician 
 Clinical Data Managers X3 
 Clinical Analyst/ Unit Manager 
Quality & Safety Unit Clinical Director/Clinician 
 Clinical Analyst/Unit Manager 
participants were not satisfied with the support provided by the current information 
systems for decision-making. This finding was further substantiated by unstructured 
interviews with end users from the clinical costing unit where the respondents stated 
that, systems need to be integrated and should provide easier access to data. The end 
users from the cardiac surgery unit also pointed out the difficulty in reuse of data 
already held in other data repositories for combination with cardiac surgical data to 
inform quality improvement studies. Another respondent from the cardiac surgery unit 
mentioned that there is a need for comprehensive data availability at all stages of point 
of care and current systems do not support this. Furthermore, a response from a Quality 
and Safety unit end user stated that “there is lack of support available for the current 
decision-making process from the current information systems and [we] need a 
centralised data management [process] to improve decision-making”. 
 
 
Fig. 1. Satisfaction of participants with current support from the information Systems (IS) for 
decision making processes 
Question 2 asked respondents to select the decision making issues with the current 
CIS which identified from the literature, for example data integration, data accessibility 
and data quality: “What are the main information related problems you have identified 
in the decision-making process supporting clinical service management in your area?”. 
Analysis of the responses revealed 6 out of 8 end users selected integration of data 
from other data repositories as the main problems in facilitating current decision-
making processes (Fig. 2). Open-ended interviews indicated that currently data was 
integrated by hand in spreadsheets or join queries in temporary databases of limited 
data excerpts. Limited accessibility to data and lack of data availability are the next 
main problem pointed out by the end users (5 out of 8). Respondents indicated that 
there is limited access to databases or some end users may have difficulty obtaining 
authority to access isolated clinical data repositories. According to further unstructured 
interviews held with end users the main reasons identified were security and 
confidentiality issues or enterprise level information Privacy and Confidentiality 
related policies. Also, half of the respondents selected lack of efficient reporting tools 
and lack of time and resources to undertake analysis as two other problems. According 
to the data collected from open-ended questions on the questionnaire, analysis tools 
employed by the units are SPSS, Microsoft Excel and QI Macros; in further interviews 
it was indicated that there is a need to implement better analytical tools. 
 
 Fig. 2. Identification of decision making issues with current information systems (IS) 
The data quality dimensions considered problematic were investigated with the third 
question “What are the main data quality issues impacting the trust in clinical data used 
for the decision-making processes in your area?” (Fig.3). This question indicated the 
most often selected dimensions of data quality thought to be a problem were the lack in 
data completeness (5 out of 8), lack of consistency (4 out of 8) and lack of data 
accuracy (3 out of 8). 
 
 
Fig. 3. Data quality dimensions considered to be issues by the participants 
Discussion 
Anderson [1]states that clinical information systems have been employed to improve 
reporting, organising and locating clinical information, improve decision-making and 
manage patient care. However, recent research shows that there is an increasing need 
for the sharing of data among standalone CIS [18]. This is because it is a difficult task 
to facilitate secondary use of data for other purposes such as quality assessment, 
management information and research etc.[8]. This study considers which issues might 
contribute to such secondary uses of data in current information driven decision-
making at clinical service level. The survey findings showed that the participants 
considered that the support provided by the clinical information systems for decision 
making is limited (Figure1). Analysis of the study survey responses and unstructured 
interviews revealed that the current decision-making process uses data integration 
derived from a mostly repetitive manual process. For example if a clinician working in 
an ICU unit wishes to use information stored in the Cardiac Surgery database the 
clinician must contact the data custodians of the Cardiac Surgery unit with appropriate 
authorisation, to collect the data. This is then integrated by manually linking the data in 
a spread sheet or in a third database, which is recognized as an inefficient process. 
Figure 2 further shows that lack in data integration is considered one of the major 
issues. 
As stated by Stolba & Schanner[20], lack of integrated healthcare systems may 
lead to treatment errors, lack of coordination, high costs and duplicate examinations in 
the patient care environment. Our findings indicate that a lack of data integration has 
further effects on healthcare systems by limiting decision making for management of 
clinical services and in quality assurance, monitoring and research practices. Some of 
the other major issues highlighted by respondents in the questionnaire were the limited 
accessibility, lack of efficient reporting tools and analytics tools and lack of time and 
resources available to undertake analysis. Findings elsewhere similarly show that “In 
many healthcare organizations, comparative effectiveness research and quality 
improvement (QI) investigations are hampered by a lack of access to data”[9] Efforts 
are further hampered by the lack of analytics tools and specialist staff resources 
reflected by wide recognition that there is a paucity of clinical informaticians and HIT 
professionals available to perform the required HIT tasks in healthcare [19]. Also, as 
stated by de Mul et al. [8], ICU units consist of complex data models and need good 
technical knowledge to create queries together with clinical knowledge for 
interpretation  of clinical data. This resourcing problem is likely to result in the 
anticipated benefits of HIT not being fully realized [19]. 
Data quality in HIT is increasingly being recognised as an issue requiring attention 
as the use of electronic data in healthcare increases. Poor quality data causes a loss of 
credibility in the information systems and their use. In this study a majority of 
participants selected lack in data completeness as one of the most troublesome 
dimensions of data quality issues faced by decision makers. A high level of data 
completeness is required as a basis for making good decisions. Poor data consistency 
and data accuracy are two other major data quality issues identified by the respondents. 
Data inconsistencies can be caused by for example, uncoordinated or redundant data 
entries [5]. Lack of complete data may lead to poor or incorrect conclusions [6] and 
poor data accuracy, false or incorrect data can potentially lead to medical errors [7]. 
This has the further potential to cause errors in management decision-making resulting 
in avoidable financial and quality costs to the hospitals and reducing clinician’s trust of 
CIS, further reducing the use of available information for evidence-based decision-
making. 
There are a number of technologies available to support the better use of electronic 
information for decision making, including data integration solutions. These include 
data warehouses, database federations, database federation with mediated schemas and 
peer data management systems [12]. Data warehouses integrate data from different 
sources to a single repository. [17]. Alternatively, database federation integration uses 
mediated schemas which act as middleware. In peer data management system (PDMS) 
“each data source provides semantic mapping to either one or a small set of other data 
sources or peers [12]”. Each of these data integration technologies has advantages and 
disadvantages, which requires investigation in the context of the needs of the particular 
clinical service or health system considering a data integration solution. 
Aspects of the data warehousing process are capable of directly addressing some of 
the issues indicated in this survey. For example the Extract, Transform and Load (ETL) 
process facilitates much data quality improvement as the data is profiled, de-duplicated 
and cleansed, before being replicated in the data warehouse repository. This facilitates 
opportunities for feedback to source systems and data quality improvement activities. 
Once the data is in the warehouse, access to the whole integrated data picture is 
facilitated via the single source representing data elements from disparate systems 
appropriately aligned and structured, which can be made available to a wider audience 
in a standardized way. For example, integration of the electronic discharge summary 
database would allow extraction of the completion rates of discharge summaries and 
examination of discharge medications according to the clinical procedure patient 
groups specified in the Cardiac Surgical database (CARPIA). This is not currently 
possible, but would potentially contribute to quality monitoring,.  
Business Intelligence is an evolving information technology discipline which 
combines operational data with analytical tools to present complex and competitive 
information to planners and decision makers [16]. This technology is able to address 
some of the participants concerns regarding better analytical tools. It is complementary 
to data integration and includes solutions such as real time data warehousing, data 
mining,  automated anomaly/exception detection and data visualisation, which have the 
potential to improve the reporting and analytical capacity of CIS [16]. Although 
business intelligence is established in the industrial and commercial sectors it is 
becoming increasingly relevant for the healthcare sectors [14] and provides a range of 
potential tools to assist with access,  reporting and analytical processes.  
This study to a qualitative analysis of a small sample of clinical staff involved in 
healthcare decision-making processes utilising clinical data for secondary purposes 
related to clinical services management in Cardiac Surgery. However, the participants 
were stratified across clinical roles to best represent those involved in the area of 
decision making processes. Although the sample size is small and the study is limited 
to an acute clinical specialisation, this research does highlight the ongoing need for 
better secondary use solutions in the healthcare sector and identifies the need to further 
research and develop strategies to implement the available technologies in this area. 
 Conclusion 
This study identifies several issues in the use of current information systems for the 
decision-making process at The Prince Charles Hospital cardiothoracic surgical 
program. We determined that the current data use processes supporting decision-
making within the cardiac surgery unit and associated clinical units are largely a 
repetitive manual procedure. Difficulty of integrating data from other data repositories 
was identified as a major issue, followed by limited accessibility to data repositories, 
lack of efficient reporting tools and analytical tools and lack of time and resources to 
undertake analysis. Also, the main three data quality issues that were identified are lack 
in data completeness, lack in data accuracy and lack in compatibility. All these issues 
lead to limitations in efficient decision making by the end users such as unit managers 
and clinicians. There are many data integration methodologies available to improve 
decision making and ultimately support the provision of quality patient care. However, 
research is still required to determine to what extent these integration methodologies 
may help to minimise the current decision making issues existing in clinical 
information systems. 
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